/q\ P^sNef-ATTACHABLE PROTEIN. DNA ENCODING THE PROTEIN 

f * And a monoclonal antibody against said protein 

0 FIELD OF THE INVENTION 

[0001] The present invention relates to a Nef-attachable protein which is useful for 
diagnosis, therapy and development of a therapeutic agent for AIDS, to a gene encoding the 
protein and to a monoclonal antibody against said protein. 



BACKGROUND OF THE INVENTION 
[0002] In general, retroviruses have the proteins Gag, Pol, and Env in common. In 
addition to these proteins, human immunodeficiency virus (HIV) has viral-specific 
regulatory proteins and accessory proteins. Nef is one of the accessory proteins which is 
specific to HIV-1, HIV-2 and SIV (simian immunodeficiency virus) and is synthesized in 
the early stage of the virus replication. The protein was designated Nef at the beginning 
since it is deemed that Nef is a negative factor which decreases the replication of the virus. 
However, afterward, it has been suggested that Nef works as a positive regulator for HIV 
replication by experiments testing the pathogenesis of Nef-deleted SIV mutant in the rhesus 
monkey. Nef is recognized anew as an important factor for holding a key to developing the 
pathogenesis of AIDS. See, Fujii et al, Saibo Kogaku . vol.16, No.l, 94-99 (1997)]. 
[0003] As mentioned in detail in the above article by Fujii, et al, the important 
functions of Nef in vivo are thought to be: (1) promotion of virus replication, (2) down 
regulation of CD4 molecularly, and (3) cytotoxicity to T cells. With regard to the virus 

NZK-128-1 (070501) 1 



infection, it has been known that Nef has an affinity to cell membranes, is necessary for virus 
adsorption and the invasion of the virus into cells, and participates in viral DNA synthesis. 
Concerning the cytotoxicity to T cells, apoptosis of the cells is induced when Nef is bound 
to the surface of CD4 + T cells of intestinal lymph node and peripheral blood and the cross- 
linking of the Nef molecule is caused by an anti-Nef antibody. Therefore, it is strongly 
suggested that binding of Nef to a Nef receptor on the CD4 + T cells greatly participates in 
depletion of CD4 + T cells in patients with HIV. Namely, pathogenesis of AIDS relates to the 
binding of Nef and its receptor. In addition, there is a report which suggests that Nef inhibits 
the production of cytokine resulting in the suppression of the immune system. 
[0004] Most of the therapeutic agents for AIDS which have been used and developed 
so far are reverse transcriptase inhibitors such as azidothymidine, ddl, etc. and protease 
inhibitors, which are drugs which inhibit the growth of virus directly. In addition to these 
drugs, there are immunopotentiators which activate the function of the immune system 
depraved by AIDS and chemotherapeutic agents aimed at the treatment of symptoms such 
as malignant tumors and opportunistic infections caused by AIDS. Based on the above- 
mentioned findings on Nef, a drug which inhibits T cell apotosis caused by Nef and thereby 
suppresses the onset of AIDS has aroused public attention as a novel inhibitor for AIDS with 
a different action mechanism from those of the above-mentioned reverse transcriptase 
inhibitors and protease inhibitors. 

[0005] Various kinds of reverse transcriptase inhibitors and protease inhibitors have 
been developed as a strategy to suppress AIDS. A cocktail therapy where two or more of 

NZK-128-1 (070501) 2 



such inhibitors are combined has been promoted in order to avoid the problems caused by 
the development of HIV mutation. However, there is still a strong demand for 
pharmaceutical agents which have a mechanism of action to suppress AIDS in addition to 
the direct inhibitors of viral growth. It has been recently clarified that Nef participates in 
invasion of the virus into cells and induces apoptosis of CD4 + T cells which play an 
important role in the disappearance of CD4 + cells in patients with HIV. The action is 
triggered by the binding of Nef to Nef-attachable protein (hereinafter, referred to as Nap) on 
cell walls. The actual existence of Nap has been anticipated by experiments showing the 
binding of Nef to CD4 + T cells or the like, however, Nap has not been specified yet. 
[0006] The present invention provides a Nef-attachable protein (Nap) on the CD4 + T 
cell membrane which can recognize and be bound to Nef to play an important role in the 
onset of AIDS, a gene encoding Nap, and a monoclonal antibody against said protein. 



SUMMARY OF THE INVENTION 
[0007] The present inventors have prepared a specific monoclonal antibody against 
Nap by using a crude membrane fraction of a cell line as an antigen having high affinity to 
Nef. They isolated the Nap gene by utilizing said antibody and the DNA sequences of Nap 
was clarified. Finally, the amino acid sequences of Nap was determined successfully. 
Proteins having an amino acid sequence represented by SEQ ID NO:l and functionally 
active homologues thereof are provided by the present invention. The proteins and DNA 
molecules which encode the proteins may be used in diagnosing the development of AIDS. 
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A DNA molecule which encodes a protein having an amino acid sequence represented by 
SEQ ID NO: 1 or which encodes a protein which is a functionally active homologue of the 
protein having an amino acid sequence represented by SEQ ID NO: 1 may have a nucleotide 
sequence represented by SEQ ID NO:2 or a functionally active homologue of SEQ ID NO:2. 
An anti-Nef-attachable protein monoclonal antibody in accordance with the present 
invention has a high affinity to Molt-4 clone no.8 cells (human CD4 + T cell line) and U937 
cells (human macrophage cell line) and does not bind or attach to Raji cells (human B cell 
line), BT-2 cells (human gliocyte cell line) and Gin-1 cells (human fibroblast cell line). The 
monoclonal antibody may be a chimeric antibody having a variable region of a mouse 
monoclonal antibody and a constant region of a human type antibody. It may also be a 
human type antibody having a complementary-determining region of the mouse monoclonal 
antibody. The monoclonal antibodies of the present invention may be employed in 
pharmaceutical compositions in pharmaceutically effective amounts for the treatment of 
AIDS. 



RRTRF DESCRIPTION OF THE DRAWINGS 
[0008] Fig. 1A shows the results of SDS-PAGE with silver staining of bound 
membrane fractions of Molt-4 clone no.8 cells to Nef antigen-bearing beads, and the results 
of immunoblot analysis of lysates of Molt-4 clone no.8, U937 and HeLa cells with MAbs 
305, 622 and 1110. 
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[0009] Fig. IB shows the results of SDS-PAGE with silver staining of bound 
membrane fractions of Molt-4 clone no.8 cells infected with HIV-1 to anti-Nef E9 MAb- 
bearing beads, and the results of immunoblot analysis with MAbs 305 and anti-Nef MAb E9 
(positive control). 

DETAILED DESCRIPTION OF THE INVENTION 
[0010] The present inventors have prepared a monoclonal antibody specific to Nap 
by using a crude membrane fraction of a cell line which has high affinity to Nef. A cDNA 
clone which encodes Nap was obtained by screening a cDNA library of said cell line 
utilizing the specific antibody. They have elucidated the nucleotides sequence of this cDNA 
clone and determined the full amino acid sequence of human Nap, thus accomplishing the 
present invention. 

[0011] As for an antigen for the preparation of a monoclonal antibody against Nap, 
the chance of obtaining an anti-Nap specific monoclonal antibody is increased by using the 
cell which has a high affinity to Nef as an antigen. Thus, high affinity to Nef means that a 
large number of Naps are expressed on the cell surface. Such cell line is preferred as an 
antigen for the preparation of the anti-Nap monoclonal antibody of the present invention 
because the cells contain a large amount of Nap as antigen. For example, Molt-4 clone no. 8 
cells (human CD4 + cell line) and U937 cells (human macrophage cell line) have been 
reported to have high affinity to Nef Although those cell lines are most preferable, other 
cell lines expressing Nap are applicable as well. 
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[0012] A membrane fraction of the above cells may be used as an antigen to make an 
affinity column where Nef is immobilized because it is preferable to use a membrane 
fraction which contains a larger number of Nap. In the present invention, membrane 
components of Molt-4 clone no.8 cells were roughly fractionated by using recombinant Nef 
conjugated to an insoluble carrier and used as an antigen for the preparation of anti-Nap 
monoclonal antibody. 

[0013] The preparation of the monoclonal antibody may be carried out by using 
conventional methods. For example, spleen cells of an animal were obtained after the 
production of antibody was boosted by the sensitization of the animal with the above crude 
membrane fraction as antigen. Then, preparation of hybridoma and the cloning of 
hybridoma were carried out. To obtain a hybridoma which produces the desired monoclonal 
antibody of the present invention, the first selection was carried out by using an ELISA 
method utilizing the crude membrane fraction of Molt-4 clone no.8 cells employed as an 
antigen to narrow down the number of potential hybridoma. Then, flow cytometry analysis 
of antibodies by using Molt-4 clone no.8 cells as antigen was carried out to select a clone 
having high affinity to the surface of said cells. Three clones were obtained by the selection 
process. Finally, flow cytometry analysis using various cell lines was carried out to compare 
the affinity of antibodies to each cell line and a clone which produces anti-Nap monoclonal 
antibody of the present invention was determined. In addition, an immunoblotting method 
or the like using each monoclonal antibody is carried out for the confirmation of anti-Nap 
monoclonal antibody. 
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[0014] Fundamentally, purification and identification of the Nap (Nef-attachable 
protein) gene of the present invention can be carried out by a panning method using the anti- 
Nap monoclonal antibody obtained as mentioned above. Thus, in the present invention, 
mRNA of the Molt-4 clone no.8 cells which were used as antigen for preparation of said 
anti-Nap antibody is separated and a cDNA library is prepared. cDNA was integrated into 
plasmids and transfected to cultured cells such as Cos7 cells for the cloning of cDNA. 
Method for the preparation of mRNA from cells, the preparation of cDNA, integration of 
cDNA into plasmid, transfection into cultured cells, etc. are well known methods in the field 
of genetic engineering and may be carried out by setting appropriate conditions. The 
plasmids which were purified by repeating the above-mentioned panning method several 
times were transfected to Cos7 cells and the expression of Nap on the cell surface could be 
confirmed by flow cytometry using the anti-Nap monoclonal antibody. 
[0015] Nef is strongly believed to participate in invasion of HIV virus into cells and 
the disappearance of CD4 + T cells in patients with HIV. The action of Nef is triggered by 
binding of Nef to Nap on cell membranes. Thus, it has been anticipated that development 
of AIDS can be suppressed by inhibiting the binding of Nap to Nef. The anti-Nap 
monoclonal antibody of the present invention inhibits the binding of Nef to Nap and, 
therefore, it is a very useful agent as a new therapeutic drug against AIDS. 
[0016] In the following examples, a specific description is given for a mouse antibody 
as an anti-Nap monoclonal antibody. However, if mouse antibody is administered to human 
beings as a pharmaceutical agent, the half-life of the mouse antibody in vivo is short. 
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Moreover, there is concern about the induction of the immune system to exclude the mouse 
antibody, because the mouse antibody is recognized as a heteroantigen in human. In this 
case, human antibody against mouse antibody is produced in the human and it induces not 
only the neutralization of the mouse antibody but also a critical immune reaction such as an 
anaphylactic shock. 

[0017] Accordingly, if anti-Nap monoclonal antibody of the present invention is used 
as a pharmaceutical agent for humans, a chimeric antibody or human-type antibody which 
does not negatively affect the usefulness of the mouse antibody and does not induce the 
above-mentioned immune reaction in humans can be used. For example, there have been 
many reports for methods to manufacture chimeric antibodies with mouse amino acids 
sequences for the region which recognizes antigen (variable region) and human amino acid 
sequences for the constant region except for the variable region. It is possible to 
manufacture chimeric antibodies which can be administered to humans from the monoclonal 
antibody of the present invention according to known methods such as disclosed in European 
Patent Publication No. 120694 B and corresponding U.S. Patent No. 4,816,397, European 
Patent Publication No. 125023 B and corresponding U.S. Patent No. 4,816,567, and 
International Patent Publication WO 86/01533 A, the disclosures of which are herein 
incorporated by reference in their entireties. 

[0018] In addition, known methods for preparing human-type antibody by improving 
the above chimeric antibody may be employed herein. For example, a human-type antibody 
of the present invention may be prepared from a chimeric antibody of the present invention, 
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by a method such as disclosed in European Patent Publication No. 239400 A, and 
corresponding U.S. Patent No. 5,225,539, the disclosures of which are herein incorporated 
by reference in their entireties. The specific region of human type antibody which 
recognizes antigen directly (hypervariable region, complementary-determining region, CDR, 
etc.) is made of the amino acid sequences derived from mouse antibody, while the other 
region which is necessary for keeping the structure of the antibody is made of the amino acid 
sequences derived from humans. Therefore, the ratio of the non-human amino acid sequence 
contained in the human type antibody is lower than that of the chimeric antibody. As a 
result, it shows a half-life which is similar to that of human antibody in the human body. In 
addition, it rarely produces human anti-mouse antibody. The anti-Nap monoclonal antibody 
of the present invention includes said chimeric antibodies and human type antibodies as well. 
[0019] The anti-Nap monoclonal antibody of the present invention including the 
above chimeric antibodies and human type antibodies can be characterized based upon its 
specificity. For example, it can be defined in terms of its specificity of antigen reactivity 
that: it is strongly bound to Molt-4 clone no.8 cells (human CD4 + T cell line) and U937 
cells (human macrophage cell line) while it is not bound to Raji cells (human B cell line), 
BT-2 cells (human gliocyte cell line) and Gin-1 cells (human fibroblast cell line). 
[0020] Specifically, Nap of the present invention has an amino acid sequence 
represented by SEQ ID NO: 1 and includes proteins having an amino acid sequence wherein 
one or more amino acid residue(s) in the amino acid sequence represented by SEQ ID NO: 1 
is/are deleted, added or substituted. The term "protein having an amino acid sequence where 
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one or more amino acid residue(s) in the amino acid sequence represented by SEQ ID NO: 1 
is/are deleted, added or substituted" means polypeptides (proteins) which are converted 
without decreasing the functions of human Nap of the present invention and includes 
naturally produced mutant polypeptides and artificially modified mutant polypeptides. Thus, 
affinity to Nef is listed as a specific function of Nap and this function can be confirmed by 
conducting a binding test to Nef using the converted (mutant) peptide. 
[0021] Thus, embodiments of the present invention, include proteins which are 
biologically functional homologues of SEQ ID NO: 1, and DNA molecules having 
nucleotide sequences which encode a protein of SEQ ID NO: 1 or which encode a 
biologically functional homologue of SEQ ID NO: 1. The DNA molecules may have a 
nucleotide sequence represented by SEQ ID NO: 2, or may have a nucleotide sequence 
which is a biologically functional homologue of SEQ ID NO: 2. Biologically functional 
homologues, or functionally active homologues may be ascertained by those ordinarily 
skilled in the art without undue experimentation using tests or assays for affinity, attachment 
or binding to Nef as a specific function of Nap, as described, for example, herein. The 
deletion, addition, and substitution of amino acid residues in SEQ ID NO: 1 or of the 
nucleotides in SEQ ID NO: 2 may be conservative, with no significant loss, or with little or 
no loss of biological activity, such as conservative substitutions described in U.S. Patent No. 
5,470,753, U.S. Patent No. 5,559,209, and U.S. PatentNo. 5,545,618 Fig. 1 . The disclosures 
of U.S. Patent Nos. 5,470,753, 5,559,209, and 5,545,618 are herein incorporated by 
reference in their entireties. 
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[0022] In an embodiment of the present invention, the biologically functional 
homologues or functionally active homologues of the proteins of SEQ ID NO:l and the 
nucleotides of SEQ ID NO:2 are produced by conservative substitution of one or more 
amino acids or is produced by incorporation of one or more synthetic amino acids, amino 
acid analogs, peptidomimetic compounds or modified amino acids into the protein. For 
example, the amino acids can be modified or derivitized by phosphorylation, 
carboxymethylation, acylation, glycosylation and other methods known to the ordinary 
skilled artisan. 

[0023] The present invention is further illustrated by the following non-limiting 
examples wherein all parts, percentages and ratios are by weight, all temperatures are in °C, 
and all reactions are conducted at about atmospheric pressure unless indicated to the 
contrary: 

EXAMPLE 1 

PREPARATION OF ANTI-NAP MONOCLONAL ANTIBODY 
[0024] In this example, an anti-nap monoclonal antibody is prepared using a crude 
membrane fraction as an antigen. Crude membrane fractions are prepared, anti-Nap 
monoclonal antibodies (Mabs) are prepared from the membrane fractions, a monoclonal 
antibody is selected which is specific to Nap, and a Nap candidate is investigated using the 
monoclonal antibody: 
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n -U Preparation of Crude Membrane Fraction s as Antigen 

[0025] Packed cells (1 x 10 9 ) of Molt-4 clone no.8 were lysed by sonication in 10 mM 
Tris-HCl (pH 8.0) containing 1 mM ethylenediaminetetraacetic acid (EDTA) and 50 mM 
phenylmemylsulfonylfluoride (PMSF). After centrifugation at 800 x g for 10 minutes, the 
supernatant was centrifuged at 60,000 x g for 30 minutes. The pellet was incubated for 30 
minutes on ice in a lysis buffer consisting of 0.05 % Nonidet P-40 (NP-40), 150 mM NaCl 
and 0. 1 mM PMSF in 1 00 mM Tris-HCl. The lysate, after being clarified by centrifugation, 
was incubated for 2 hours on ice with purified N-terminal truncatedNef baculo-recombinant 
protein coupled to Affi-Gel 10 (Bio-Rad, Richmond) as described previously [Otake et al, 
J. Immunol., vol. 1 53, 5826-5837 (1994)]. After washing the gel three times with 0. 1 M Tris- 
HCl (pH 7.6) containing 50 mM NaCl and 0.5 % NP-40, the gel was packed in a column and 
elution was performed with 0.1 M Tris-HCl (pH 6.0) containing 3 M KSCN and 50 mM 
NaCl. Fractions containing the eluted protein were dialyzed, concentrated and analyzed by 
SDS-PAGE. These fractions were used for immunization of mice as the crude membrane 
fraction. 

( \-2) Preparation of Monoclonal Antibodies 

[0026] Anti-Nap monoclonal antibodies (MAbs) were prepared by immunizing 
BALB/C mice with said membrane fractions of Molt-4 clone no.8 cells prepared in Example 
1-1 . The crude membrane fractions of the cells (50 \ig protein) were mixed with an equal 
volume of complete Freund' s adjuvant, and were subcutaneously injected into the mice. One 
month later, the same sample was further injected subcutaneously without adjuvant four 
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times at one week intervals. On the seventh day after the final injection, the spleens were 
harvested and then used for hybridization. The details of the hybridization procedure were 
reported previously [Fujii et al., Vaccine, vol.1 1, 1240-1246 (1993)]. The production of 
MAbs was primarily screened by ELISA with anti-mouse immunoglobulin. The MAbs in 
ascites fluid were used for all experiments after purification by Sephadex G-200 
chromatography. 

(1-3^ Selection of Monoclonal Antibody 

[0027] Mouse MAbs were prepared by immunization with the membrane protein 
fractions from the Molt-4 clone no.8 cells as antigens and a mouse hybridoma was cloned. 
At first, 1 56 clones producing Abs were selected by ELISA from a total of 2,014 of clones. 
By flow cytometry using Molt-4 clone no.8 cells, three clones (MAb 305, MAb 622 and 
MAb 1110), which strongly reacted to Molt-4 clone no.8 cell surface, were isolated. 
Further, the reactivity of the three MAbs to the surface of various human cell lines and the 
results are shown in Table 1 below. 

[0028] The values in Table 1 are the percentages of positive cells and were calculated 
by the results of histograms using flow cytometry. The zero points were adjusted to values 
of the negative controls with normal mouse IgM Abs. All experimental results are 
represented as the means of triplicate samples in Table 1: 
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Table 1 : Reactivity of Three Mabs to the Surface of Various Human Cell Lines 
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[0029] As shown in Table 1, in the three MAbs finally selected, MAb 305 strongly 
reacted to U937 cells, typical human macrophages which are highly infected by HIV, as well 
as Molt-4 clone no.8 cells. MAb 305, however, did not react to human B cells (Raji), 
gliocytes (BT-2) and fibroblasts (Gin-1). Therefore, it was apparently shown that MAb 305 
has the same binding specificity as Nef protein, i.e., the Nef protein targets CD4 + T cells and 
does not react to other cells including B cells. Binding assays between biotin conjugated Nef 
protein and Molt-4 clone no.8 or U937 cells were performed as described previously [Otake 
et al., 1994 (see above)] in the presence of MAb 305. Binding of Nef protein to both cells 
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was inhibited by MAb 305 in dose-dependent manner. These results suggested that MAb 
305 is an antibody specific to Nap (Nef-attachable protein). 
(1-4) Investigation of Nap Candidate by Using Mabs 

[0030] (A) Membrane fractions from Molt-4 clone no. 8 cells were precipitated with 
N-terminal truncated Nef protein (NL43, 34-206 amino acids) conjugated to Affi-Gel 10. 
The eluents were subjected to SDS-PAGE and the gel was stained with silver. The lysates 
of Molt-4 clone no.8, U937 and HeLa cells were analyzed by immunoblotting with MAbs 
305, 622 and 1 1 10, and normal mouse IgM antibody as a control. 
[0031] As shown in Fig. 1 A, bands at molecular weights of approximately 18, 35, 40 ? 
50, 60 and 64 kDa were immunoprecipitated with Nef antigen-bearing beads from the 
membrane fractions of Molt-4 clone no. 8 cells. Control beads did not precipitate any bands. 
By immunoblot analysis with MAb 305, the MAb reacted strongly with an approximately 
35 kDa band and weakly with a 96 kDa band from Molt-4 clone no.8 and U937 cell lysates, 
but did not react to HeLa cell lysate. Both MAbs 622 and 1110 reacted to about 52 and 14 
kDa bands of Molt-4 clone no. 8 and HeLa cell lysates and weakly react to U937 cell lysate. 
Control mouse IgM Abs did not react to lysate of the three cells. 

[0032] (B) Membrane fractions from Molt-4 clone no. 8 cells infected with HIV-1, 
NL43 strain, were incubated with Affi-Gel 10 coupled to anti-Nef E9 MAb, and were 
precipitated. The eluents were analyzed by SDS-PAGE with silver staining and by blotting 
with the MAb E9 (positive control) and MAb 305. Normal mouse IgM was used as a 
negative control. 
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[0033] A result of the experiment is shown in Fig. IB, several proteins were 
precipitated and the bands were visualized by SDS-PAGE with silver staining. The 35 kDa 
cellular protein band in the precipitants was stained by MAb 305 but not stained by normal 
mouse IgM (control). A positive control MAb E9 (anti-Nef MAb) stained only 25 and 27 
kDa Nef protein tands. These observations suggested that MAb 305 reacted with a cellular 
35 kDa protein. 

EXAMPLE 2 

ISOLATION AND IDENTIFICATION OF NAP AND GENE ENCODING NAP 
[0034] As with the preparation of specific anti-Nap antibody as described above in 
Example 1, Molt-4 clone no.8 cells were used as a starting material. A cDNA library was 
prepared and Nap gene was selected and identified: 
(2-1) Preparation of cDNA Library 

[0035] Total RNA was prepared from Molt-4 clone no.8 cells by using Messenger 
RNA Isolation Kit (Stratagene). Poly(A) RNA was selected by oligo(dT)-cellulose column 
chromatography. Synthesis of cDNA primed random hexamer oligonucleotides (pdN 6 ) and 
oligo(dT) were performed with c-CLONE II cDNA Synthesis Kit (Clontech). After 
treatment of SI nuclease following a Klenow polymerase reaction, Bst XI nonpalindromic 
adaptor was ligated. Size fractionation was performed by Sephadex G-50, and then cDNA 
was ligated to Bst XI -digested pCDM8 vector (Invitrogen). About 5 x 10 5 independent 
clones from an oligo(dT)-primed cDNA library mixed with 5 x 10 5 clones from a random 
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hexamer-primed cDNA library were obtained from transformation of MC1061/P3 cells 
(Invitrogen), and used for transfection of Cos7 cells. 
(2-2) Isolation of cDNA Clones bv Panning and Nucleotide Sequencing 
[003 6] The cDNA clones encoding Nap were basically isolated by a panning method. 
Briefly, Cos7 cells (1 x 10 6 ) were transformed with the cDNA inserted in pCDM8 plasmid 
by lipofectin (Gibco) according to a conventional method and cultured for 72 hours at 37°C 
in 6 cm dishes with RPMI- 1 640 containing 1 0% Nu serum IV (Becton Dickinson) . The cells 
were detached by PBS/EDTA and resuspended in 5 ml of cold PBS/EDTA containing 10 
u.g/ml of anti-Nap MAb 305. After incubation on ice for 1 hour, the cells were centrifuged 
and resuspended in 5 ml of cold PBS/EDTA supplemented with 1 % FBS, then distributed 
into four 6 cm panning plates precoated with 10 ng/ml of goat anti-mouse IgM (Cappel). 
After attaching cells to the plates for 3 hours at room temperature, non-adherent cells were 
removed by gently washing three times with PBS/EDTA containing 1 % FBS. The 
extrachromosomal DNA was prepared from adhered cells according to the Hirt method. 
[0037] In detail, after removing PBS/EDTA from the plates, 0.6 % SDS containing 
1 0 mM EDTA was added and the plates were incubated for 20 minutes at room temperature. 
The lysates were collected and NaCl was added to adjust its concentration to 1 M. The 
mixtures were incubated at 4°C overnight and then centrifuged. The supernatants were 
extracted with phenol-chloroform. The DNA was recovered by ethanol precipitation. 
MC1061/P3 cells were transformed with the DNA and about 1 x 10 5 colonies were obtained. 
The total plasmid DNAs were extracted from the colonies obtained by the first panning. The 
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plasmid DNAs were purified and used for the next transformation and panning methods. 
This procedure was repeated three times, and plasmid DNAs were prepared from four 
individual clones after the final panning. The obtained clones in pCDM8 plasmids were cut 
with Xho I and the fragments were recloned into the Xho I site of pBluescript SK (+) 
(Stratagene) by T4 ligase (pBFO clones). These clones were sequenced by the ABI PRISM 
T3, T7 and -21M13 Dye Primer Cycle Sequencing Kit (Perkin Elmer) with 373 DNA 
Sequencing System (Applied Biosystem). 

[0038] The plasmids picked after said final panning were transfected into Cos7 cells. 
The plasmids were selected as to whether Nap expression on the Cos7 cell surface is positive 
or not by flow cytometry with anti-Nap MAb 305. The transfected Cos7 cells reacted with 
MAb 305, but untreated Cos7 cells did not react with MAb 305 at all. By this selection, four 
positive clones (FO 25, 32, 57 and 75) were obtained. By the nucleotide sequencing, FO 75 
contained the nucleic acid sequence represented by SEQ ID NO:2, full length open reading 
frame. Only one band was detected by Northern blot analysis when using FO 75 . According 
to the results, FO 75 is identified as a clone containing a Nap gene. The detected gene has 
a nucleic acid sequence having a TAA termination codon in addition to the nucleic acid 
sequence represented by SEQ ID NO:2. 

[0039] It was suggested that the protein consisting of the amino acid sequence (286 
amino acids) represented by SEQ ID NO: 1 was a Nap, and the calculated molecular weight 
of the protein portion is approximately 32.6 kDa. As mentioned above, we identified a 35 
kDa protein in membrane fractions from Molt-4 clone no.8 cells which specifically reacted 
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to MAb 305 (anti-Nap monoclonal antibody) and suggested this protein was a Nap protein 
candidate. The molecular mass of the amino acid sequence (SEQ ID NO:l) encoded by 
nucleic acid sequence represented by SEQ ID NO:2 is approximately 32.6 kDa. The 
molecular mass of the Nap protein candidate, 35 kDa, corresponds well to that of the 
glycosylated peptide of 32.6kDa protein. 
(2-3) Expression of Nap Gene Candidate 

[0040] The above Nap gene in pMAMneo plasmid was transfected in HeLa cells and 
selected with G418 (Geneticin). Gene expression was examined by flow cytometry. The 
cell surface of G418 resistant Nap 3201 HeLa positively reacted with anti-Nap MAb 305 
after treatment with dexamethasone. The Nef-binding assay was performed with the Nap 
3201 cells. NL43 Nef protein also attached to the Nap 3201 cell surface. Cell rosettes were 
also formed between Nap 3201 cells and Molt-4 infected with LAV-1, which cell surface 
positively reacted with anti-Nef MAb E9, but no clustering of cells was observed in a 
mixture of Nap 3201 and uninfected Molt-4 cells. The rosette formation was inhibited by 
treatment of anti-Nap MAb 305. 

[0041] As mentioned above, it is believed that Nef participates in invasion of virus 
into cells and strongly participates in the disappearance of CD4 + T cells in a patient with 
HIV due to the induction of apoptosis of the CD4 + T cells. The action of Nef is triggered by 
the binding of Nef to the Nef-attachable protein (Nap) on the cell membrane. Thus, it is 
believed that Nap, as a specific protein on the CD4 + T cell membrane which can recognize 
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Nef, plays an important role in the infection of HIV and the development of AIDS. 
[0042] The present invention specifies Nap as an important factor for the 

infection of HIV and the development of AIDS, identifies its nucleotides sequence and offers 
the monoclonal antibody specific to Nap. Since the anti-Nap monoclonal antibody inhibits 
the binding of Nef to Nap, it can be used as a new therapeutic agent for AIDS. In addition, 
it can be applied for the diagnosis of AIDS by clarifying the relation between the expressed 
amount of Nap and the development of AIDS. Nap can be utilized for binding experiments 
to Nef. It is useful for the development of novel therapeutic agents for AIDS based upon a 
mechanism of action which inhibits the attachment of both factors. The monoclonal 
antibodies of the present invention may be employed in pharmaceutical compositions in 
pharmaceutically effective amounts for the treatment of AIDS. Also, the anti-Nap 
monoclonal antibody may be employed for the development of new inhibitors against the 
onset of AIDS by a mechanism of action different from that of reverse transcriptase 
inhibitors or protease inhibitors. 
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